In this study, we describe a morphological classification for greater tuberosity fractures of the proximal humerus. We divided these fractures into three types: avulsion, split and depression. We retrospectively reviewed all shoulder radiographs showing isolated greater tuberosity fractures in a Level I trauma centre between July 2007 and July 2012. We identified 199 cases where records and radiographs were reviewed and included 79 men and 120 women with a mean age of 58 years (23 to 
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and the injury affects both younger and older populations. Isolated injuries of the greater tuberosity (GT), the site of insertion of supraspinatus and infraspinatus, represent approximately 20% of proximal humerus fractures 2 and as little as 2 mm of superior displacement significantly increases the force required for abduction 3 and leads to subacromial impingement. [4] [5] [6] [7] [8] [9] In order to guide treatment, several systems of classification have been proposed 10, 11 of which the most popular are those of Neer 12, 13 and the AO foundation. 14 Neer originally classified greater tuberosity fractures as two-part if they were displaced more than 1 cm but fragments displaced more than 5 mm superiorly are usually now considered suitable for surgical treatment. 6, 8, 15, 16 The AO classification added an additional category of displaced fractures associated with glenohumeral dislocations. 17 Both of these classifications address only one type of GT fracture, namely a large fragment with a vertical fracture line, and while the recommendation for surgical fixation with ≥ 5 mm of superior displacement is apparently valid, it does not adequately deal with the prognostic or technical implications of the variable morphology found in these fractures. Fragment size, shape and orientation may reflect different mechanisms and velocity of injury. Additionally, the technical aspects of GT fragment fixation are affected by fracture morphology. GT fractures caused by avulsion were described by Bhatia et al in 2007 18 and Fahmy et al in 2011. 19 Additionally, a GT fracture by impaction was described by Davies et al 20 and Kaspar and Mandel 21 as a very lateral Hill-Sachs type lesion that was found outside the articular surface of the humeral head. Bahrs et al 22 proposed three mechanisms for greater tuberosity fracture: avulsion, acromial impaction, and impaction on the glenoid. Using these studies and our experience with greater tuberosity fractures and their radiographs, we propose the following morphological classification:
1. An avulsion fracture involves small fragments of bone with a horizontal fracture line. The mechanism would be similar to that which causes a rotator cuff tear (Fig. 1) .
2. A split fracture generally involves a large fragment with a vertical fracture line. This is likely caused by impaction on the anterior surface of glenoid during dislocation or subluxation of the shoulder (Fig. 2) .
3. A depressed fracture involves a fragment that is displaced inferiorly. This is probably due to impaction beneath the inferior surface of the glenoid when the humerus is dislocated in this direction or beneath the inferior surface of the acromion during extreme abduction (Fig. 3) .
The primary goal of this study was check the observer reliability of this morphological classification for isolated GT fractures of the proximal humerus with the intention that it will help to guide the orthopaedic surgeon with the technical aspects of GT fracture fixation. A secondary goal was to describe the prevalence of these types of fracture.
Patients and Methods
A retrospective review of all shoulder radiographs ordered by 13 orthopaedic surgeons at a single Level I trauma centre was performed using the picture archiving and communication system (PACS -McKesson Corp., Montreal, Canada) that was instituted in July 2007. The review was carried out until July of 2012 and identified all cases of isolated greater tuberosity (GT) fractures of the proximal humerus.
Cases with closed physes and adequate acute anteroposterior (AP) and lateral (Neer) radiographs taken within three weeks of injury were selected for analysis. Radiographs were obtained according to a standard protocol: the AP view taken with the shoulder in neutral rotation and the patient standing in front of the radiographic plate turned 30° towards the side being imaged. The Neer view was performed with the anterior aspect of the injured shoulder against the radiographic plate and the other shoulder rotated 40° away from the beam projected posteriorly along the scapular spine. Any cases with evidence of prior bony injury to the shoulder girdle, other concurrent fractures of the proximal humerus, or Hill-Sachs lesions (fractures not involving the GT) were excluded. Fragment displacement was measured (in mm) using PACS. A fracture was defined as 'displaced' when the fragment was shifted 5 mm or more in any plane. Basic demographic variables including age, gender, and side of injury were recorded for the entire cohort. The medical records and radiographs were reviewed for evidence of displacement, glenohumeral dislocation or surgical intervention.
The acute AP and Neer radiographs of all consecutive cases from July 2007 to December 2010 were used to determine the reliability of the morphological, Neer and AO classifications for GT fractures. The radiographs were marked with a calibration line and then anonymised. Three reviewers; an orthopedic surgeon, an orthopedic trauma fellow, and an orthopedic resident, were introduced to the morphological classification using a brief slide show (under five minutes) that included figures and illustrative examples. The criteria for a fracture to be called avulsion, split, or depression were alluded to previously. The lateral view was closely examined in all cases to identify posteriorly retracted fragments which were often avulsion types that could be mistakenly classified as depression types if only the AP view was used.
These three reviewers then classified all fractures according to the Neer, AO, and the morphological classification on two occasions with a minimum interval of four weeks. The inter-and intra-observer reliability was calculated using the Kappa statistic. A score of 0.81 or more was considered excellent, of 0.61 to 0.80 as good, of 0.41 to 0.60 as moderate, and if less than 0.4 as poor to fair.
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Statistical analysis. ANOVA and chi-squared tests were carried out where appropriate to compare age, gender, GT displacement and the incidence of glenohumeral dislocation between fracture types. Statistical significance was set at p ≤ 0.05. All data analysis was performed with SPSS v19 (IBM, Armonk, New York).
Results
A total of 199 cases of isolated greater tuberosity fractures of the proximal humerus were identified over the five -year period from July 2007 to July 2012. The relative frequency of avulsion, split, and depression type fractures was 39% (77/199), 41% (81/199), and 20% (41/199) respectively. The average age was 58 years (23 to 96) which was similar in all three groups (p = 0.333). The population was predominantly female (60% (119/199)) except for avulsion fractures where males and females were equally affected (p = 0.112).
Fractures in patients over 60 years were displaced significantly more often (41% (37/90) vs 21% (23/109)) in patients aged 60 years or younger (p = 0.002) ( Table I) .
Glenohumeral dislocation was present in 55/199 (28%) of cases overall but occurred twice as often in depression (19/41, 46%) than in avulsion (16/77, 21%) or split (20/81, 25%) type fractures and this was statistically significant (p = 0.009). Depression-type fractures were rarely displaced and were surgically treated for reasons other than fracture displacement, such as irreducible dislocation or symptomatic rotator cuff tear. Otherwise, avulsion and split type fractures were both displaced approximately one-third of the time. The rate of surgical fixation was not dependent on age (Table I) .
The inter-observer reliability was determined using the first 139 consecutive cases of GT fracture from July 2007 to December 2010. Only the first 139 patients were used to test reliability, but we continued to look for GT fractures in the period after the first test of correlation. The intra-class correlation coefficients (ICC) and intra-observer reliabilities for the Neer, AO, and morphological classifications are presented in Table II . The morphological classification performed better than the Neer and AO classifications for both inter-and intra-observer reliability (Table II) .
Discussion
We have described a classification of greater tuberosity fractures of the proximal humerus that is based on fracture morphology. It separates fractures into three types (avulsion, split, depression) that are easily identifiable on plain radiographs and performs superiorly to the Neer or AO classifications for inter-and intra-observer reliability.
The Neer and AO classifications perform poorly for the classification of GT fractures, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] even when the subgroup of GT fractures is evaluated in isolation. Brien et al 31 found a reliability of only 0.35 for the GT subgroup of the Neer classification. Similarly, in our study the GT subgroup was the only category of interest but the Neer and AO classifications still performed poor to moderately (0.30 to 0.35 inter-observer, 0.54 to 0.65 intra-observer).
Using 139 cases, we have shown that the morphological classification performs with good to excellent reliability (0.73 to 0.77 inter-observer, 0.69 to 0.86 intra-observer) on conventional radiography. We propose that it would serve as a useful adjunct to the standard evaluation of these fractures including their displacement. It is simple, uses the standard radiological views of the shoulder, and involves no additional radiation exposure or cost.
The morphology of GT fractures has important implications in terms of mechanism of injury. For the depressiontype fracture in particular, multiple radiographs were available showing the GT depressed beneath the glenoid rim in the dislocated position. This mechanism through impaction is circumstantially supported by the significantly greater number of glenohumeral dislocations in the depression (46%) compared to the avulsion (21%) and split (25%) fracture types (p = 0.009). However, patients with a glenohumeral dislocation that spontaneously reduces may not show any evidence of the dislocation on initial presentation. This is a source of bias and may underestimate the overall incidence of glenohumeral dislocations in our series.
Fracture morphology significantly influences the technical aspects of surgical management as well. For example, a GT fracture with a large fragment (split type) can be fixed with a compression system such as a plate and screw, but this would almost certainly fail if there was a small horizontal fragment (avulsion type). In such a situation a tension band fixation may be more appropriate. This is discussed below by fracture type.
Avulsion type fractures involve a small fragment of bone and the fracture line is horizontal (Fig. 1) . These represent 39% of our series of 199 GT fractures. As noted by Barhs et al, 22 the mechanism is probably similar to rotator cuff tears with the tendon avulsing a fragment of bone rather than causing a cuff tear. Because the fragment is small and the rotator cuff is intact, these fractures have been checked closely at our centre if undergoing conservative treatment. Should fixation be required for displaced fractures, a double row suture or suture bridge technique has been described in the literature. [32] [33] [34] [35] [36] Split-type fractures involve a large fragment with a vertical fracture line which represents the classic description of greater tuberosity fractures. 13, 30 These account for 41% of our series of 199 GT fractures. We are in agreement with Barhs et al 22 that this probably occurs through impaction on the anterior surface of glenoid during dislocation or subluxation of the shoulder (Fig. 2) . For surgical fixation of this type of fracture, a low-profile 'Bamberg'-type suture plate 32 may be used but other techniques including heavy suture fixation 33, 34 tension band, screws, 9 and conventional plate 35 fixation have been described. Depression-type fractures involve a fragment that is displaced inferiorly. These represent 20% of our series. In contrast to Barhs et al 22 and as discussed above, we believe that this lesion is essentially a very lateral Hill-Sachs-type lesion due to impaction of the entire GT beneath the inferior surface of the glenoid during glenohumeral dislocation (Fig. 3) . These fractures are distinct from Hill-Sachs lesions, 36 however, in that the region affected, the tuberosity is the insertion site for the tendons of the rotator cuff and not the posterolateral articular surface of the humeral head. In this series, these fractures were usually treated surgically only after conservative treatment had failed in two out of three, having demonstrated a rotator cuff tear on follow-up MRI. Lateral radiological views are essential at initial presentation to avoid misclassifying an avulsion fracture with posterior retraction of the fragment as a depression type (Fig. 4) . If in doubt, a CT scan should be performed.
In conclusion, the morphological classification of GT fractures of the proximal humerus has a good to excellent inter-and intra-observer reliability. It may serve as an adjunct to the Neer and AO classifications with no additional cost or radiation exposure. Three distinct fracture morphologies are described avulsion, split, and depression which may have practical implications in terms of pathophysiology and surgical fixation technique. Prospective studies are needed to improve our understanding of the precise mechanism of these types of fractures as well as their clinical, surgical and prognostic implications.
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Lateral radiograph of a) an avulsion-type fracture -note the displaced fragment visible posterior to the humeral head; and b) a depressiontype fracture -note the impacted fragments centred on the humeral head. No bone fragments are located posteriorly. 
